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ABSTRACT 
This report compares the Soviet Space Food and Nutrition programs 
with those of the US. The Soviets established the first Space Food programs 
in 1961, when one of the Soviet Cosmonauts experienced eating in zero 
gravity. 
A Soviet scientist recently developed "trophology" - the study of living 
systems which includes assimilation of nutrients. Trophology is expected to 
permit nutritional advances beyond the "Balanced Diet" concept of satisfying 
ongoing metabolic needs. The concept expands and enriches the old con- 
cepts with the new findings in space nutrition. The Soviet scientists have 
conducted a number of studies regarding the concepts of nutrition assimila- 
tion and increased nutritional needs in long duration missions. 
US. Space Food and Nutrition programs have been developed over the 
past twenty-five years. From the early days of Mercury and Gemini to future 
Space Station requirements, the US. Space Food and Nutrition programs 
have progressively improved. 
This study indicates that some major differences exist between the two 
space food and nutrition programs regarding dietary habits. The major 
differences are in recommended nutrient intake and dietary patterns 
between the cosmonauts and astronauts. The intake o f  protein, 
carbohydrates and fats are significantly higher in cosmonaut diets compared 
to astronauts. Certain mineral elements such as phosphorus, sodium and iron 
are also significantly higher in the cosmonauts' diets. Cosmonauts also 
experience intake of certain unconventional food and plant extract to resist 
stress and to increase stamina. 
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COMPARISON OF SOVIET AND U.S. SPACE FOOD 
AND NUTRITION PROGRAMS 
INTRODUCTION 
The successful conquest of space was facilitated considerably by the 
creation of a life support system for cosmonauts and astronauts. One of the 
more important elements of life support is nourishment for the spacecraft 
crews. Collective efforts of technologists, nutritionists, engineers, physicians 
and microbiologists have developed a solution for these problems. Foods not 
only provide astronauts or cosmonauts nutrition for normal vital activities, 
but also provide psychological f u Ifi I I ment. 
For more than thirty years, Russian food industry technologists, scien- 
t ists and specialists have studied and developed various forms, types and 
groups of food products. This resulted in a specialized food production in- 
dustry to develop food for the cosmonauts. Nine food products with very 
limited storage lives were developed and tested for Yuriy Gagarin in 1961. 
One of the first tasks of the first man in space was to attempt eating in zero 
gravity. A food ration was then proposed for flights lasting from one to four 
days. The products were canned meats, the first dinner foods, and fruit juices 
in aluminum tubes, and bite-sized pieces of bread. All were considered to 
have very limited shelf lives. (20,21) 
The primary purpose of the US. Space Food and Nutrition Program is to 
provide nutritionally balanced diets to the astronauts during space flights 
and to  gather physiolo ical information and conduct nutritional studies de- 
foodxystems for spacecraft have been developed from the experience of past 
food systems. The foods used on US. space flights have been comprised of a 
wide variety of foods which have been specially processed and/or packaged 
to adapt them to zero gravity consumption. Mercury food was experimental 
and transient. Aluminum tubes were used for the semi-solid foods. The first 
manned flight of the Gemini program, Gemini 3, lasted less than five hours, 
but four experimental meals were aboard to test. The meals consisted of de- 
hydrated foods in cubes, dry mix and freeze-dried products providing up to 
2900 Kcalkrewmember. The Shuttle food system has over 150 items for 
astronauts to choose from when selecting a menu. The foods are classified by 
the method of preservation, namely, rehydratable, thermostabiiized, natural 
form, and intermediate moisture. (19) 
si ned to assess the ef ? ects of space flights on nutrient metabolism and i t s  
e 3 fects on crew performance. Over the past twenty-five years, the designs of 
OBJECTIVES 
1. 
2. 
3. 
4. 
To study the historical background and progression of Soviet Space 
Food and Nutrition programs. 
To acquire knowledge about cosmonauts" daily dietary intake and 
nutritional supplements during longer duration missions. 
To study their physiological information arid nutritional research and 
assess the effects of space flight on nutrient metabolism on crew 
performance. 
To compare the Soviet Food and Nutrition program to the US. 
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REVIEW OFTHE LITERATURE 
In the Soviet space programs, nutrition is given an important place in 
the life support systems for spacecraft crews. The "Soyuz-9" spacecraft, 
which was launched on July 1, 1970, with a crew of Andriyan Nikolayes and 
Vitaliy Sevastyanov, completed an 18-day flight. Their mission carried a de- 
vice for heating food products in aluminum tubes. This made i t  possible to  
prepare hot foods onboard the spacecraft. In 1974, aboard the "Salyut-4" 
space station, a device was used to simultaneous1 heat products in aluminum 
craft crews. (1,20) 
In the Salyut-6 missions, the food technologists, scientists, and other 
specialists expanded the variety of food products, increased their quality, and 
extended their shelf lives. A six-day ration was developed which provided a 
daily four-meal course (first and second breakfast, lunch and dinner). The 
Salyut-6 mission ration in 1977 had over 70 different products including 
twenty t pes of meat, fish, poultry, and cheese in 100gm cans, together with 
fourteen types of dehydrated (freeze dried) first and second courses and 
garnishes for the canned meats, which could be rapidly reconstituted by 
addin hot water, Bakery products, and desserts made from twelve types of 
semi- 8 ehydrated fruits were also available. The drink selection included fruit 
juices, tea, coffee, milk, and fermented milk products. 
In Soviet Space Food and Nutrition programs, the make-up of the diets 
are developed on the basis of the flight duration, the complexity of the pro- 
gram, the anticipated energy use, the storage, heating and dispensing 
equipment, the water reclamation systems, and other equipment. In long 
term-space flights, the relative monotony concerning diet does become 
annoying to some degree. In order to prevent the monotony of the diets and 
uplift the psychological aspects of life, some specially prepared fruits and 
vegetables were transported on an experimental basis. The shipment of fresh 
apples, onions, and garlic also was transported a t  the request of cosmonauts 
G. Crechko and Yu Romenenko during their Soyuz mission. The use of fresh 
fruits and vegetables was expanded. Oranges, lemons, melons, honey, cran- 
berries, and even fresh cherries, were sent a t  the request of V. Ryumin during 
his Soyuz mission. The cargo spacecraft were used to send fresh fruits and 
vegetables to Vladmir Lyakhov and Aleksander Aleksandrov, who stayed 
three months in space during SoyuzT-9 mission in 1983. 
The food service provisions aboard the Salyut-6 mission consisted of the 
following elements: Container for stowing and storing foods, tables to make 
meals, an electric warmer, place settings, a device to recycle, measure, and 
dispense hot and cold water, and containers for disposal of packages and left 
over foods. (1 5,9) 
tubes, and bread, which significantly improved t E e food intake of the space- 
pureed Y i rst  and second courses (10 types) in aluminum tubes. There were 
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TABLE I - MENU EXAMPLE (COSMONAUTS) (4) 
MENU EXAMPLE (COSMONAUTS) 
List of foods for a one-day menu on Salyut-6: 
First Breakfast: 
Chicken with Prunes 
Bread 
Candy 
Coffee with Milk 
1009 
459 
509 
1509 
Lunch: 
Cottage Cheese with Pureed Black Currants 1659 
Honeyca ke 459 
Black Currant Juice with Pulp 509 
Dinner: 
Sauerkraut Soup 
Roast Beef with Mashed Potatoes 
Prunes with Nuts 
Candied Fruit 
Coffee with Sugar 
- Bread 
w i c k e n  in Tomato Sauce 
Bread 
Cheese 
Tea with Sugar 
1659 
57-59 
459 
609 
509 
249 
1659 
459 
1009 
239 
V. P. Bychkov, et. al, 1986, researched the diets of three Salyut-7 prime 
crews. The Salyut-7 cosmonauts experienced the best nutritional systems of 
the Soviet Space Nutrition programs. The rations of the Salyut-7 crews had a 
caloric value of 3150 Kcalories and were well balanced, containing all the 
nutritional requirements. The food system included cosmonauts rations, con- 
tainers for serving and storing food, a dining table, an electric food heater, 
utensils and dishes, devices for regenerating water and measuring hot and 
cold water to packages of freeze-dried food, containers for disposing of 
waste, and a refrigerator for storing fruit and vegetables. The food had 
equivalent food value of diets of Salyut-6, but consisted primarily (65%) of 
freeze-dried products, rehydrated with hot or cold water. (5,17,20) 
In a study by V. P. Bychkov, et. al., 1981, concerning the adequacy of the 
protein supplied in the diet of crews of Salyut-6, it was found that the physi- 
cal status of the cosmonauts and the parameters of nitrogen metabolism 
after the missions were indicative of adequate protein intake. Examination 
of nitrogen metabolism in the crew of the first main expedition aboard 
Salyut-6 (96-day mission) revealed that, in spite of individual fluctuations in 
the excretion of the end products of nitrogen metabolism in the post-flight 
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period, their range was within the pre-flight levels. Urinary excretion of the 
total nitro en was 11.1 gm per day post-flight and 11.6 gm per day pre-flight. 
On the 3r and 4th post-fli ht days, it dropped to 9.0 grn per day, then re- 
verted to the base level on t e 5th and 7th days. (8) 
In the second expedition aboard Salyut-6 (140-day mission), the post- 
flight excretion of the end product of nitrogen metabolism was close to pre- 
flight levels. On the 3rd post-flight day, there was a 40% decrease in excre- 
tion of total nitrogen, 21 % decrease for urea, and 44% decrease for ammon- 
ia, with retention of normal proportion. There was a tendency toward nor- 
malization of these changes on subsequent post-flight days. (8) 
I. G. Popov, et. al, 1982, conducted a study to determine the effect of a 
48-da flight on the blood amino acids content in the crew of Salyut-5. It was 
foun dy that changes in essential and non-essential amino acids ratios, e.g., 
methionine and cysteine, are of major concern. They observed that the 
changes in amino acids metabolism could be due to several nutritional fac- 
tors. The transition from the pre-flight diet to the inflight diet could lead to a 
reduction in the essential amino acids content. A decreased intake of dairy 
products, eggs, leguminous products, freshly prepared food, and an excess 
intake of foods which had gone through severe heat processing and drying. 
They suggested that this offsets the amount of amino acids in foods and their 
accessibility to digestion. They also suggested that changes in living con- 
. ditions may change the synthesis of amino acids. Similar studies were 
conducted by I. G. Popov, et. al., 1983, to measure the amino acids levels in 
blood of cosmonauts during the 185-day Salyut-6 flight. It was found that 
appreciable decreases in the concentration of most amino acids occurred in 
both cosmonauts. The threonine and cysteine levels in blood plasma of both 
cosmonauts were below the bottom of the normal ran e cited in the Russian 
methinine, isoleucine, and arginine for the flight engineer, were also below 
the normal range. The demonstrated changes in plasma amino acids were 
attributed to similar factors cited by Popov in 1982. Recommended counter- 
measures are also similar, such as organizing nutrition rehabilitation for 
cosmonauts by increasing all amino acid intake, particularly methionine, 
cysteine, valine, histidine, tyrosine, arginine, aspartic, and glutamic acids. (23, 
24) 
K. V. Smirnov, et. ai., 1982, studied the state of the digestive system 
following long-term space flights. Those studies included: gastric, pancreatic 
and intestinal enzymes. These studies demonstrated consistent changes in 
the digestive system function. The depth and severity were related to dura- 
tion and the condition of the space flights. It was found that weightlessness 
plays an effective role in these changes. There was a noticeable change of 
increased activity of gastric pepsinogen and pancreatic lipase after the first 
day of the 96-day mission. They were normalized by the 25th day of the 
readaptation period for the 96- and 140-day flights, and a t  the 43rd day after 
the 175-day space flights. They suggested inflight use of preventive measures 
and conditioning of cosmonauts to develop changes in enzyme secretion in 
the gastrointestinal tract during the readaptation period. The marked 
changes were not noted on the first day after the 185-day space flight, in 
comparison with the 175-day flight, due to the preventive measures of ade- 
quate nutrition used during the readaptation period. (27) 
# 8 
Medical Encyclopedia. Alanine and histidine for t 4 e commander, and 
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V. P. Bychkov, et. al., 1982, studied the effects of hypokinesia on man's 
nutritional status. They found that during and after the bed rest studies 
adequate nutrition and certain unidentified nutrients can serve as efficient 
countermeasures against metabolic changes, such as weight loss, negative 
nitrogen, phosphorus, potassium, and sodium balance. The nutrient re- 
habilitation led to a positive nitrogen balance, increase in the utilization of 
vitamin C, B1, B6, and faster termination of compensatory nitrogen re- 
tention, as compared to subjects in the control group. Physical exercise with 
adequate nutrition was found to be the most effective means of preventing 
changes observed under hypokinetic conditions. (3) 
I.A. Radayeva, et. al., 1982, conducted research regarding the biological 
value and shelf life of cultured dairy products iln the diet of cosmonauts. 
Freeze-dried cultured milk products, yogurt with sugar, and yogurt with 
fruits and berries were examined for shelf life. It was determined that the 
realistic shelf l i fe was 12 months a t  20" i 5" C and 18 months a t  1-4" C. They 
considered these foods to have a high biologic value with respect to their 
protein. The leucine/isolucine ratio is 2: 1 for acidophilus paste, 2:3 for sweet- 
ened yogurt, 2:4 for fruit and berry yogurt. It was reported that freeze-dried 
cultured dairy products may be quite beneficial in the diet of cosmonauts and 
were recommended to be incorporated into space diets. (26) 
N. G. Bogdanov, et. al., 1986, studied vitamin levels in cosmonauts 
during pre-flig ht training and after completion (of short-term space flights. 
They reported a statistically significant decrease in the excretion of a number 
of vitamins during the post-flight period. They suggested that it was due to  
an increased vitamin metabolism which leads to an increased need for them 
during post-flight. (2) 
DISC USSl ON 
Soviet specialists believe that both a regular meal schedule and carefully 
selected diet are important for the maintenance of overall conditioning in 
space. Nutrition is thought to have a synergestic: effect with other counter- 
measures on the control of adaptive changes, such as musculoskeletal 
strength and mass losses. It has been observed that cosmonauts can actually 
gain weight in space if exercise is combined with vitamins, calcium supple- 
ments, appealing foods, and appetite stimulators, such as onions, garlic and 
spices. (4, 16) 
USSR SPACE FOOD AND NUTRITION CONCEPTS 
FOOD 
In the 30th minute of the 1961 mission, Yuri Gagarin ate and drank. 
This became the first evidence of the possibility of eating, chewing, and swal- 
lowing liquid and solid food in weightlessness. Daily ration of the cosmo- 
nauts on Vostok and Vostok-2 contained about 2800 Kcal, including 100 gm 
of protein, 118 gm of fat and 308 gm of carbohydrates. Foods which were 
used in the flights were packaged in dispenser tubes and included soups, cot- 
tage cheese, as well as drinks: coffee, cocoa, juices. The rations had limited 
shelf lives without refrigeration (up to 5 to 6 days). Meat products in packets 
had to  be prepared directly prior to flight. (20,21:) 
1-7 
In the Soyuz missions, foods with long shelf life, such as bread, were 
baked in the form of small "one-bite" rolls to prevent crumbs. Meat products 
such as ham, steak, and veal, were also included in the diet. The daily dietary 
intake for cosmonauts in Soyuz had a 3-day menu cycle with four meals per 
day. The Soyuz mission also included dehydrated boiled meat, and Soyuz-9 
cosmonauts were the first to heat meals a t  60" to 70" C and drink from the 
dispenser tubes. (20) 
Cosmonauts P. Popvich and Yu Artyukhin on Salyut-3 were the first to  
test dehydrated products, rehydrated with recovered water. These experi- 
ments were continued in Sal ut-4. Dehydrated products now comprise up to 
food products of limited shelf life, as well as bread, coffee, and tea for the 
first time in the transport ship. The unmanned "Progress" transport ship is in 
widespread use to deliver fresh food rations to the orbital station. (20) 
The water supply system on board the spacecraft functions in conjunc- 
tion with the food systems. The supply of drinking water in the orbital 
station is produced a t  a rate of up to two liters per man per 24 hours. (17) 
The most recent and satisfactory cosmonaut nutritional system on 
Soviet manned space flights was the one developed for Salyut-7. There is a 
buffet table on Salyut for eating food, as well as a set of table accessories, a 
food heater, facilities for sanitary cleaning of the table accessories, and bags 
for leftovers and packaging. The calorie content of t h e  daily diet was in- 
creased up to 3200 Kcal to combat the negative consequences of weight- 
lessness and physical training exercises during the missions. (5, 16) 
20% of the food rations. T K e second crew of the Salyut-4 took additional 
NUTRITION 
-Dr. Oleg Gazenko, 1987, in an address to the U. N. committee on the 
peaceful uses of outer space, discussed the concepts regarding digestive 
physiology. He described "a recently developed branch of medicine - 
trophology" as the study of general principles of fundamental vital processes 
of living systems, such as ingestion, processing, and assimilation of nutrients. 
Several discoveries in this area were outlined: New information regarding 
the immunological defense of the small intestine, importance of dietary fiber 
in digestive functioning and overall health, and microbiology of the digestive 
tract in medical support of long-term space flight. (12) 
Dr. Gazenko suggests that trophology will advance the nutritionists' 
knowledge beyond the accepted concept of "Balanced Diet", which means 
satisfying on-going metabolic needs, to the new concepts of "Adequate 
Nutrition." The new concept does not really replace the previous concepts 
but expands and enriches them with new findings in the field of space 
nutrition. (1 2) 
In research findings, decreases observed in essential amino acids in cos- 
monauts after the 21 1-day mission led researchers to the conclusion that the 
pre-flight diet should be supplemented with methionine and aspartic acid 
and inflight and post-flight diets with seven essential amino acids plus 
cysteine, arginine, proline, and aspartic acid. (6, l l )  
Soviet scientists believe that increased exercise re imens require an 
believe that supplements consisting of vitamins, amino acids and minerals 
promote the retention of fluids and electrolytes. They have shown that pro- 
additional intake of calories to maintain proper energy i! alance. They also 
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per dietary combinations can also help to regulate the digestive and en- 
zymatic changes associated with stresses of space flights. (22,25) 
The Soviet scientists also believe that  the plant extract (Eleu- 
therococcus), exercise and high calcium diet are three major ways by which 
reduction in calcium loss is possible in the spacecraft crews. They also use the 
plant extract to resist stress and to increase stamina among the cosmonauts. 
(10) 
PACKAGING AND PRESERVATION 
Snack products, bread products and appetizers, as well as sweet pastry 
products and fruits, were packaged for the Soviet space missions in film pack- 
ets made of viscotene, a clear plastic film material similar to polyethylene. 
Some of them were vacuum packed. The ration of cosmonauts in the Soyuz 
ship included new shelf stable foods with a long shelf life, and pureed and 
liquid products in dispenser tubes. Meat products - ham, steak, and veal - 
were prepared in the form of meals preserved in metal cans. The sweet 
products included chocolate candy, prunes with nuts, and honey ginger 
bread, all in film packages. Some of the products, in the form of briquettes, 
were covered in edible film. The dehydrated boiled meat included in the 
menu was vacuum packed in a film. (9,17,20,25) 
US. SPACE FOOD AND NUTRITION CONCEPTS 
reference (28). 
The food systems planned for the US. Space Station are detailed in 
SUMMARY AND CONCLUSION 
The research study shows that the successful conquest of space, either 
for astronauts or cosmonauts, depends on the collective efforts of technolo- 
g ists, eng i n eers, physicians, micro biolog ists, n ut ri t ion ists and psyc holog ists. 
According to the Congressional Research Service Report prepared by 
Hon. Ernest F. Hollings, May 1988, the Soviets have continued to make steady 
strides toward their goals of having a permanently occupied space station in 
Earth orbit. The Soviets hold a commanding lead in the operational use of 
crews. They have introduced two new launch vehicles and continue to devel- 
op a space shuttle and space plane. (13,14) 
A comparison time line of US. and Soviet space missions is shown in the 
Appendix. 
Cosmonaut Romanenko, after his 326-day flight in space in 1987, stated 
that Mars is getting nearer and nearer to Earth. The Soviets also conducted a 
variety of studies dealin with new concepts regardin nutritional assimi- 
paring the research data, these reports are equivocal regarding counter- 
measures taken, the increased needs, and types of tests used in the analyses. 
The present research study indicates that food for US. space fli ht has 
(1 4) 
Mercury and Gemini to future Space Station requirements, the US. S ace 
and Nutrition programs are more advanced in terms of their food packaging, 
lation and increased nee 1 s in long duration missions. 3 owever, when com- 
improved steadily throughout the space programs. From the early 1 ays of 
Food and Nutrition program has progressively improved. The US. Space P ood 
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preservation techniques and flexible menu patterns for long duration mis- 
sions. (28) However, some major differences exist between the two space 
nutrition pro rams regarding the respective dietary habits. These differences 
are shown in 9 ables 2 and 3. 
TABLE 2 - DIFFERENCES IN RECOMMENDED NUTRIENT INTAKE OF 
COSMONAU I 3  AND A51 KONAUIS 
TS COSMONAU 13 ASTRONAUTS 
Kilocalories 00 Kcal 300-3 100 Kcal - _ _  - 
8g/k Bwt.  
1-39 g Bwt .  93 ) 
4.8g/kg Bwt .  I s  35 g) 
3-  -82 9 
18mg 
Protein 
Fat 
Carbohydrates 
Phosphorus 1.79 
Sodium 4.59 
Iron 50mg 
TABLE 3 - OTHER DIFFERENCES IN FOOD INTAKE OF COSMONAUTS AND 
A5 I RONAU I 3  
FOOD CUMONAU rb  A5 I KONAU 13 
P l a x t r a c t  (Eleu- Used to increase None 
therococcus) SOOma/ stamina to  resist - 
day or 1.009 every 
other day 
-Garlic 
Vodka 
Brandy 
Fresh Fruits and 
Vegetables 
Onion, Dill, Parsley 
Multivitamin 
Undevit 
Aerovit 
Essential Amino 
Acids (Methionine) 
Decamerit 
. Glutamic Acid 
stress 
As food seasoning 
Small amount 
Small amount 
Supplied by Progress 
ship 
Cultivated in on- 
board ve etable 
Supplement--twice/ 
Vitamin--twice/day 
Vitam i n--tw ice/da y 
Su p p I e me n ts/ 
increased amount 
garden ( s 8) 
day 
Supplement 
None 
None 
None 
Stored 16 hours before 
launch 
None 
0 p t i o n a I (S h utt I e) 
None 
None 
None 
None 
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The cosmonauts' nutrient intake is probably higher than the 
astronauts'. The mean daily inflight nutrient consumption per person during 
Shuttle STS-1 through STS-61C indicate higher intake of nutrients by the 
astornauts compared to the RDA (Appendix). The difficulty exists in 
estimating the nutrient intake since Shuttle crews are not required t o  
maintain a food intake log. (29) 
FUTURE RECOMMENDATIONS FOR U.S. SPACE NUlYRITION PROGRAMS 
1. 
2. 
3. 
4. 
5. 
6. 
Determine nutrient requirements for longer duration missions. 
Understand the increased essential amino acids requirements during 
pre-flight, inflight, and post-flight diets. 
Determine the effects of plant extract as a stimulant. 
Determine the beneficial effects of alcohol flor longer duration missions 
in space. 
Study the regulatory effects of proper dietary combinations on 
digestive and enzymatic changes which are associated with stresses of 
long duration flights. 
Study the accepted concept of "Balanced Diet", which means satisfying 
only ongoing metabolic needs, to  the new concept of "Adequate 
Nutrition", which does not really replace the previous concepts, but 
expands and enriches them with new findings in the field of space 
nutrition. 
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